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doi:10.1016/j.jtcvs.2006.03.052bjectives: To examine the clinical profiles, operative outcomes, and late results of
atients with pseudoaneurysm of the thoracic aorta.
ethods: From 1990 to 2002, 60 patients underwent repair of aortic pseudoaneurysm:
scending aorta in 70%, ascending aorta and arch in 15%, descending aorta in 10%, and
rch alone in 5%. Mean age was 53 15 years, and 70% were men. Of these, 50 (83%)
ad undergone previous cardiac surgery, including 22 (37%) composite valve graft
perations. The preferred cannulation site was femoral-femoral (n  27, 45%), with
eep hypothermic circulatory arrest in 62% and retrograde cerebral perfusion in 33%;
ore recently, however, axillary cannulation has been preferred.
esults: Principal etiologies were graft infection in ascending aorta pseudoaneurysm
nd trauma in descending aorta pseudoaneurysm. Fifteen patients (25%) presented
ith chest pain, 13 (22%) with heart failure, and 20% with moderate or severe aortic
egurgitation. The pseudoaneurysm was resected and the aorta replaced (n  45,
5%) or repaired (n  15, 25%) using various methods. Hospital mortality was
.7% (n  4). Reexploration for bleeding was required in 8.3%, and 3.3% had
ostoperative stroke. At 30 days, 5 years, and 10 years, survival was 94%, 74%, and
0% and freedom from reoperation was 95%, 77%, and 67%, respectively.
onclusions: Most patients with aortic pseudoaneurysm require ascending aorta
nd/or arch replacement, which can be accomplished with low operative mortality
nd morbidity. Long-term survival and freedom from reoperation in these young
atients parallel those expected for complex cardiac and aortic disease.
seudoaneurysm, or false aneurysm, of the thoracic aorta results from trans-
mural disruption of the aortic wall, with the leak contained by surrounding
mediastinal structures. Although it can be secondary to trauma1 or infection,2
revious cardiac surgery is the most frequent cause3; still, pseudoaneurysm occur
n fewer than 0.5% of all cardiac surgical cases.4 P eudoaneurysms are located a
revious anastomotic sites, aortototomy sites, cannulation and venting sites, and
roximal vein graft anastomotic sites.5 Mechanisms implicated include infection
oor anastomotic technique, and intrinsic aortic wall disease.
Except for case reports6,7 and small case series,3,8-11 few studies have addresse
his unusual complication. Surgical options vary according to pathologic features of
he pseudoaneurysm, and operations can be challenging, especially in the presence
f infection, previous cardiac surgery, or aortic valve regurgitation. Long-term
urvival after surgical treatment is unknown. Therefore, the purposes of this study
ere to examine the clinical profile, operative outcome, and late results of patients
urgically treated for pseudoaneurysm of the thoracic aorta.
atients and Methods
rom 1990 to 2002, 60 patients underwent surgery for pseudoaneurysm of the thoracic aorta
t The Cleveland Clinic Foundation. Etiology was confirmed by surgical or pathologic
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3eports. Preoperative, operative, and postoperative data were ob-
ained from the prospective Cardiovascular Information Registry
CVIR), which has been approved for research by the Institutional
eview Board of the Cleveland Clinic. Systematic follow-up was
btained in part through consultations for echocardiographic as-
essment at the Cleveland Clinic as well as through reports from
eferring cardiologists and systematic formal interviews with pa-
ients and family members. Follow-up was obtained for all pa-
ients. Mode of death was assigned through review of clinical
ecords and death certificates. Mean follow-up was 4.0  3.2
ears, with 10% followed more than 8.8 years.
Forty-two patients (70%) were men, and mean age was 53 15
ears (Table 1). The pseudoaneurysm was located in the ascen
orta in 42 (70%), ascending aorta and arch in 9 (15%), arch alone
n 3 (5%), and descending aorta in 6 (10%).
Fifty patients (83%) had previous cardiac surgery (34 had one
revious operation, 13 had two, 2 had three, 1 had four, and 1 had
ve). These included aortic root replacement in 22 (37%) and
upracoronary ascending aortic replacement in 9 (15%) for aortic
issection (15 patients), aortic valve endocarditis (6 patients), and
ortic aneurysm (27 patients). Four patients (6.7%) previously had
eep sternal wound infection requiring extensive debridement and
mental or pectoralis flap reconstruction. Two patients had under-
one heart transplantation.
Almost 80% of patients had the operation performed within 2
eeks of diagnosis of aortic pseudoaneurysm (Figure 1). Op
ion was performed on an emergency basis in 8 patients (13%)
ecause of signs of cardiovascular collapse or systemic hypo-
erfusion.
urgical Technique
ntraoperatively, patients were routinely monitored with a pul-
onary artery thermodilution catheter and transesophageal echo-
ardiography. Surgical approach depended on location of the
seudoaneurysm, whether the patient had a previous cardiac op-
ration, whether the pseudoaneurysm penetrated or was near the
ndersurface of the sternum, and presence of aortic regurgitation,
ediastinitis, endocarditis, or associated cardiac problems requir-
ng concomitant surgical treatment.
Median sternotomy was performed in all patients with pseudoa-
eurysms located on the ascending aorta or aortic arch, except 1 in
hom a clamshell incision was used. Right anterior thoracotomy
as performed in conjunction with median sternotomy in 3 pa-
ients to achieve better control of the aorta during chest reentry. No
ardiac or other structural injuries were documented.
Surgical approach to pseudoaneurysm of the descending aorta
as left posterolateral thoracotomy through the third or fourth
ntercostal space in 6 patients and median sternotomy in 1 patient
ho had an infected prosthetic graft previously implanted in the
istal aortic arch and proximal descending aorta.
Arterial cannulation site was the femoral artery in 27 patients
Abbreviations and Acronyms
CL  confidence limits
CVIR Cardiovascular Information Registry45%), axillary or subclavian artery in 18 (30%), and aorta or h
80 The Journal of Thoracic and Cardiovascular Surgery ● Augurachiocephalic trunk in 12 (20%). Left pulmonary artery–to–
escending aorta bypass was used in 2 patients (3.3%). In 1 patient
ith pseudoaneurysm of the descending aorta, cardiopulmonary
ypass was not used. Because of the danger posed by opening the
hest with proximity of the pseudoaneurysm to the undersurface of
he sternum, aortocutaneous fistula, or mediastinitis, hypothermic
ow-flow cardiopulmonary bypass was instituted before sternal
eentry in 26 (43%), and this proceeded to deep hypothermic
irculatory arrest in 8 (31% of these). During cooling while the
ABLE 1. Patient characteristics
haracteristic No. %
emography
Age (y), mean  SD 53  15
Male 42 70
ardiac comorbidity
NYHA functional class
I 18 30
II 21 35
III 10 17
IV 11 18
Previous cardiac operation
Aortic root replacement only 17 28
Aortic root  ascending  arch 2 3.3
Aortic root  proximal descending 1 1.7
Aortic root  arch  proximal descending 1 1.7
Supracoronary ascending  aortic valve 7 12
Supracoronary ascending  arch 2 3.3
Descending only 1 1.7
CABG only 3 5
CABG  aortic root replacement 1 1.7
Aortic valve surgery only 8 13
Aortic valve  mitral valve surgery 2 3.3
Heart transplant 2 3.3
Carotid-subclavian shunt* 1 1.7
Aortic regurgitation grade†
None 16 39
1 (trivial) 8 19.5
2 (mild) 9 22
3 (moderate) 2 4.9
4 (severe) 6 14.6
Endocarditis‡ 19 35
Marfan syndrome 2 3.3
oncardiac comorbidity
Treated diabetes§ 3
Hypertension 36 63
COPD¶ 14 33
Peripheral vascular disease 15 25
Chronic renal failure# 7 12
ABG, Coronary artery bypass grafting; COPD, chronic obstructive pulmo-
ary disease; NYHA, New York Heart Association; SD, standard deviation.
For aortic occlusive disease. †Data available in 41 patients. ‡Data avail-
ble in 54 patients. §Data available in 58 patients. Data available in 57
atients. ¶Data available in 43 patients. #Defined as preoperative serum
reatinine 2 mg · dL1 or preoperative dialysis.eart was freed from adhesions, ventricular distention was moni-
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Atik et al Surgery for Acquired Cardiovascular Diseaseored by pulmonary artery pressures and transesophageal echocar-
iography, especially in patients with severe aortic regurgitation.
n 3 of these patients, a small left anterior thoracotomy was
erformed to vent the left ventricular apex.
Deep hypothermic circulatory arrest was used in 37 patients
62%), with retrograde brain perfusion in 20 (54% of these) and
ntegrade brain perfusion in 2 (5.4% of these). Details of the
perations are shown in Table 2.
The segment of aorta in which the pseudoaneurysm was located
as replaced with a tube graft in 46 patients (77%) and repaired
ith or without a patch in 14 (23%). Replacement was performed
n patients with large pseudoaneurysms, mediastinitis, graft infec-
ion, associated prosthetic aortic valve endocarditis, and after Ben-
all operations. Aortic repair was performed after debriding the
igure 1. Death after surgical treatment of pseudoaneurysm of
he aorta. A, Survival. Each death is represented by a circle,
hich is a Kaplan-Meier estimate. Vertical bar represents asym-
etric 68% confidence limits (CL, equivalent to 1 standard error).
olid line is a parametric survival estimate enclosed within
ashed 68% CLs. Numbers in parentheses are number of patients
emaining at risk. B, Hazard function (instantaneous risk) for
eath. Solid line is the hazard estimate enclosed within 68% CLs.seudoaneurysm sac and trimming its edges. Primary closure with f
The Journal of Thoracicnterrupted pledget-supported sutures was performed in 5 patients
8.3%) with small defects and no sign of infection. Patch repair
as performed in 9 patients (15%) with larger defects or localized
nfected material that could be debrided safely without risk of
ecurrence. Septic pseudoaneurysms were preferentially replaced
r repaired with allografts (79%), followed by bovine or autolo-
ous pericardium patches (12.5%) and prosthetic material (8.5%).
Concomitant surgery (see Table 2) included aortic valve
lacement in 28 patients (47%), aortic valve repair in 4 (6.7%), and
oronary artery bypass grafting in 11 (18%). Mean cardiopulmo-
ary bypass and aortic clamping times were 173 74 minutes and
12  50 minutes, respectively. Deep hypothermic circulatory
rrest time was 28  14 minutes.
ata Analysis
escriptive data are presented as means and standard deviations
or continuous variables (medians with 15th and 85th percentiles
ABLE 2. Operative procedures (n  60)
rocedure No. %
ortic procedure
Replacement 46 77
Root  ascending 14 23
Root  ascending  arch 5 8.3
Aortic valve  ascending 5 8.3
Ascending only 8 13
Ascending  arch 3 5
Ascending  arch  descending 1 1.7
Arch only 4 6.7
Descending only 5 8.3
Extra-anatomic bypass 1 1.7
Repair 14 23
Autologous pericardium 3 5
Allograft 4 6.7
Dacron 2 3.3
Primary 5 8.3
rterial cannulation site
Femoral 27 45
Axillary or subclavian 18 30
Aorta or brachiocephalic trunk 12 20
Left PA–descending aorta bypass 2 3.3
None 1 1.7
erebral protection
Hypothermic circulatory arrest 37 62
Retrograde brain perfusion 20 33
Antegrade brain perfusion 2 3.3
ssociated procedures*
Aortic valve replacement 20 33
Aortic valve repair 4 6.7
CABG 11 18
Mitral valve repair 4 6.7
Mitral valve replacement 1 1.7
Tricuspid valve repair 1 1.7
ABG, Coronary artery bypass grafting; PA, pulmonary artery. *Not mutu-
lly exclusive.or variables with skewed distributions) and frequencies and per-
and Cardiovascular Surgery ● Volume 132, Number 2 381
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3entages for categorical variables. Confidence limits (CL) of pro-
ortions are equivalent to 1 standard error (68%). Nonparametric
stimates of survival and freedom from reoperation were obtained
y the Kaplan-Meier method. A parametric method was used to
esolve the number of phases of instantaneous risk of death and of
eoperation (hazard function) and to estimate shaping parame-
ers.12 (For additional details, see http://www.clevelandclinic.or
eartcenter/hazard.)
esults
linical Presentation
linical presentation varied according to location of the
seudoaneurysm (Table E1). Heart failure, chest pain, 
epsis were the most common manifestations of pseudoan-
urysms of the ascending aorta. Heart failure was more
evere and compounded by associated valve disease, coro-
ary artery disease, or left ventricular dysfunction (P 
01). By contrast, descending pseudoaneurysm was most
ommonly manifested by left main bronchus compression
nd incidental finding on chest radiograph; all such patients
ad a history of deceleration trauma. Postoperative pseudoa-
eurysms, located in the ascending aorta or aortic arch, and
hether infected or not, occurred within 2 years of the initial
peration in more than half of the patients (Figure 2, B).
seudoaneurysm Site and Etiology
seudoaneurysm site (Table 3) was proximal to compo
alve graft anastomosis or periprosthetic leak and distal
ortic anastomosis in 60% of patients. Infection was the
redominant cause (Table 3); almost half of the patients
history of native or prosthetic valve endocarditis or me-
iastinitis. Only 42% of septic pseudoaneurysms had posi-
ive blood cultures; Staphylococcus aureus was the mos
revalent microorganism.
urgical Outcomes
In-hospital outcomes. Hospital mortality was 6.7%
n  4, CL 3.4%-12%; Table 4). Causes of death 
ultiple organ system failure (n 2), pulmonary embolism
n  1), and bleeding from coagulopathy (n  1).
Five patients (8.3%) required reexploration for bleeding.
ostoperative intra-aortic balloon pumping was required in
patient (1.7%) with cardiogenic shock despite optimum
notropic support. Fourteen (23%) had prolonged mechani-
al ventilation, 1 (1.7%) had acute renal failure requiring
ialysis, 2 (3.3%) experienced stroke, and 4 (6.7%) sepsis.
hree patients (5%) had deep sternal wound infection re-
uiring omental flaps. Median intensive care unit and post-
perative hospital lengths of stay were 3 days and 11 days,
espectively. Among hospital survivors, 42 (75%) were
ischarged home. The remaining were discharged to nurs-
ng homes or another hospital for rehabilitation or intrave-
ous antibiotics. n
82 The Journal of Thoracic and Cardiovascular Surgery ● AuguTime-related outcomes. Fifteen additional patients died
uring follow-up. These plus in-hospital deaths yielded
urvivals of 93%, 89%, 81%, 74%, and 60% at 30 days and
, 3, 5, and 10 years (Figure 1). The hazard fun
onsisted of two phases: an early steeply declining phase
nd a constant hazard phase (Figure 1, B). Death wa
ardiovascular related in 7 patients: heart failure in 4, aortic
issection in 2, and ventricular arrhythmia in 1. By a mod-
lated renewal process analysis, reoperation had no discern-
ble influence on mortality (P  .4).
Freedom from reoperation was 92%, 87%, 82%, 77%,
nd 68% at 3 months and 1, 3, 5, and 10 years (Fig
eoperation was related to aortic disease in 8 patients.
ecurrent pseudoaneurysm occurred in 5 patients and
escending or thoracoabdominal aneurysm or dissection
n 3. Mediastinitis was associated with all but 1 recurrent
seudoaneurysm. All of them had had initially septic pseudoa-
igure 2. Timing of aortic pseudoaneurysm. A, Interval from di-
gnosis to aortic pseudoaneurysm surgery. B, Interval between
revious cardiac operation and aortic pseudoaneurysm surgery.eurysms treated with composite grafts (n  2) or allograft
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Atik et al Surgery for Acquired Cardiovascular Diseaseatch repair (n  2). However, there was no evidence that
eptic pseudoaneurysm was associated with worse survival
P  .9) or lower freedom from reoperation (P  .4).
iscussion
rincipal Findings
Clinical presentation. As in other series, most patients
n this study presented with chest pain or heart failu11
hest pain was caused by compression of surrounding
tructures, aortic stretching, or cardiac ischemia. Heart fail-
re was related to valvular regurgitation, compression of
urrounding structures, and cardiac compression.
Although an incidental finding of a descending chronic
seudoaneurysm is common in patients with a remote his-
ory of trauma, compression of the left main bronchus
ABLE 3. Pseudoaneurysm of the aorta site and etiology
ite and etiology No. %
ite
Proximal composite valve graft anastomosis 19 32
Distal aortic anastomosis 17 28
Coronary button reimplantation or vein graft
anastomosis
10 17
Aortic isthmus 5 8
Proximal supracoronary ascending aorta 5 8
Aortic cannulation site 2 3
Proximal aortic arch 1 2
Aortotomy 1 2
tiology
Aortic valve endocarditis 14 23
Mediastinitis 12 20
Aortic dissection, cystic medial necrosis or
mucoid degeneration
11 19
Trauma 6 10
Technical imperfection 5 8
Unknown 12 20
ABLE 4. Outcomes of surgical treatment of pseudoaneu-
ysm of the aorta (n  60)
utcome No. % CL
ortality 4 6.7 3.5-12
troke 2 3.3 0.2-5.4
ntra-aortic balloon pump 1 1.7 0.3-5.4
enal failure 1 1.7 0.3-5.4
espiratory failure 14 23 18-30
epsis 4 6.7 3.5-12
eexploration for bleeding 5 8.3 4.8-14
ntensive care unit stay
(median days)
3 — 1, 9a
ostoperative hospital
stay (median days)
11 — 6, 28aaL, 68% confidence limits. * 15th and 85th percentiles.
The Journal of Thoracicssociated with hemoptysis was noted in our series as well
s in others.13 Hemoptysis may be intermittent14 if clots o
hrombi block the flow of blood from pseudoaneurysm into
ronchus. However, massive hemoptysis can occur.8 This is
he hallmark of active arterial bleeding and may occur
everal years after a thoracic aortic operation.15
About 20% of all pseudoaneurysm patients presented
ith symptoms related to sepsis, the most common cause of
seudoaneurysm in our and others’ experience.10
Pseudoaneurysm site and etiology. Disruption of the
ortic wall may be related to etiology and type of previous
peration. Although leak at the aortic cannulation site has
een reported as the most common cause,3 we found prox-
mal and distal ascending aortic anastomotic disruptions
ere also common. This can be explained by our unique
opulation and referral pattern. Most patients developed
seudoaneurysm in the ascending aorta after previous car-
iac and aortic operations. One quarter had aortic dissec-
ion, and several had postoperative deep sternal wound
nfection. These conditions increase risk of suture dehis-
ence, leading to pseudoaneurysm formation.
Less frequently reported sites of pseudoaneurysm in-
lude saphenous vein graft anastomotic site, coronary
utton reimplantation site, aortotomy site, and aortic vent
ites.3,16-18
Surgical outcome. Our surgical mortality is lower than
hat reported by others.3,8-11 Occurrence of postoperativ
leeding, stroke, or renal failure was uncommon and inten-
ive care unit and hospital lengths of stay were short. These
avorable outcomes can be attributed to thorough surgical
lanning, adequate myocardial and cerebral protection, and
xcellent multiprofessional perioperative care.19 Long-term
urvival was comparable with that expected for complex
igure 3. Freedom from reoperation after pseudoaneurysm repair
r replacement.ortic surgery.20
and Cardiovascular Surgery ● Volume 132, Number 2 383
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3urgical Treatment
urgical treatment is complex, but the keystones of success-
ul treatment are (1) preventing cardiac injury during chest
pening, with consequent exsanguination, and (2) protect-
ng the brain. Surgical approach depends on location of the
seudoaneurysm, its proximity to the undersurface of the
ternum, and presence of associated cardiac problems. When
he pseudoaneurysm is located on the ascending aorta or
ortic arch, median sternotomy is our incision of choice,
lthough we frequently use a minimally invasive approach
or reoperations.21 Auxiliary right anterior thoracotomy 
seful when the pseudoaneurysm is closely related to the
ndersurface of the sternum; however, a minimally invasive
J” incision achieves the same right ventricle protectio22
ypothermic low-flow cardiopulmonary bypass or deep hy-
othermic circulatory arrest is used in most of our patients.
lthough the majority of patients are cannulated via femoral
essels, the right axillary or subclavian artery and femoral
ein have become the cannulation sites of choice in recent
ears.23
When the pseudoaneurysm is located in the descending
orta, our approach is through a standard left posterolateral
horacotomy. However, we frequently use right subclavian
rtery cannulation for arterial inflow in difficult cases.
Patients with severe aortic regurgitation pose a problem
or myocardial protection during chest reentry, especially if
ypothermic cardiopulmonary bypass is necessary. Slow
ooling phase and use of lidocaine delay onset of ventricular
brillation. Real-time transesophageal echocardiography and
ulmonary artery pressure monitoring are useful in detect-
ng ventricular distention, which may require left ventricu-
ar apical venting through a small left thoracotomy. The
rawback of this strategy is that cooling and brain protec-
ion may be poor until the aorta is clamped and myocardial
rotection is established. Additionally, left ventricular vent-
ng may not be efficient enough to prevent distention. For
hose reasons, some surgeons advocate port-access tech-
iques, including endoluminal balloon occlusion of the
orta, antegrade cardioplegia administration, and left ven-
ricular venting before chest opening.24,25 Some use balloon
cclusion of the ascending aorta and transjugular coronary
inus cannulation for retrograde cardioplegia to augment
yocardial protection.25 Left thoracotomy is another a-
roach for these difficult reoperations.26
Aortic graft replacement is our treatment of choice for
ost patients. Indications included large pseudoaneurysms
nd graft infection, with or without aortic valve endocardi-
is. If endocarditis is present, the operation follows general
rinciples of extensive debridement of all infected and
ecrotic tissues, extensive irrigation, and use of allograft
onduits27 (two combined allografts were necessary wh
n addition to the aortic root, other segments of ascending
orta or aortic arch needed to be replaced). Extra-anatomic
1
84 The Journal of Thoracic and Cardiovascular Surgery ● Augurafting was used in only one patient with an infected
escending aortic graft. Life-long antibiotic treatment is
ndicated. In the presence of infected grafts, viable omen-
um and muscle flaps can be used.28 They were eventually
ndicated in the presence of severe osteomyelitis that pre-
luded primary chest closure.
Pseudoaneurysm repair without tubular grafts can be
afely performed for smaller defects. In our experience,
ost cases of localized infection that could be debrided
llowed for patch closure. Primary closure is also possible
hen densely fibrotic pseudoaneurysm edges are present.
imitations
his is a single-institution clinical cohort study of a rela-
ively small number of surgically treated patients. It was not
ossible to estimate true prevalence of aortic pseudoaneu-
ysm (the “denominator”) because only patients diagnosed
nd referred for surgery were included. Percutaneous inter-
entions that might have been performed were not inves-
igated.
onclusions
ortic pseudoaneurysm is an uncommon pathologic condi-
ion. Most patients are young but have had previous cardio-
ascular surgery; one third have endocarditis. Most require
scending aorta replacement. Survival and freedom from
eoperation are similar to those expected for complex com-
ined cardiac and aortic disease.
We thank Tanya Ashinhurst for data identification and Tess
arry for editorial assistance.
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3ABLE E1. Clinical presentation of pseudoaneurysm of the thoracic aorta
ocation No. %
scending aorta
Heart failure 15 36
Chest pain 9 21
Sepsis 8 19
Incidental finding 3 7
Bleeding or drainage from wound 2 5
Superior vena cave syndrome 2 5
Pulsatile suprasternal mass 2 5
Stroke 1 2
scending aorta and arch
Sepsis 4 44
Chest pain 4 44
Stroke 1 12
rch
Tracheal compression 1 33
Chest pain 1 33
Pulsatile suprasternal mass 1 33
escending aorta
History of trauma 6 100
Left main bronchus compression 2 33
Incidental finding 2 33
Hemoptysis 1 17
Chest pain 1 1785.e1 The Journal of Thoracic and Cardiovascular Surgery ● August 2006
